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APPARATUS AND METHOD FOR 
REPRODUCING DATA FROM A MAGNETO 

OPTIC RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a magnetooptic record 

reproducing device, and more particularly, to a magnetoop 
tic data record reproducing device Which can reproduce 
magnetooptically recorded data. 

2. Discussion of the Related Art 
In current systems for recording information With a mag 

netooptic disk device, a laser beam spot is focused on a 
surface of the disk, to elevate a temperature of the a ?lm of 
magnetic recording medium (for example, an alloy of an 
amorphous rare metal (R) and transition such as TeFeCo or 
Gb—Tb—Fe) to a temperature of 150—200 deg. C. The laser 
beam being of a siZe commensurate With a Wavelength 
modulated into a coded data to be recorded. The recording 
medium is demagnetiZed When the temperature of the 
recording medium is elevated to a temperature above a Curie 
temperature Tc by the heat from the laser beam. A direct 
current bias magnetic is applied to the recording medium in 
one direction using a magnet to cause a magnetiZation 
inversion at the heat portion. When the heated portion off the 
recording medium cools to room temperature, a magnetic 
domain is recorded. On the other hand, the coded data thus 
recorded on the disk can be reproduced by focusing a direct 
current laser beam of predetermined poWer to a spot siZe in 
a range of a Wavelength. As a polarity of the laser beam 
re?ected at the surface of the magnetooptic recording 
medium is changed according to the Kerr effect, the polarity 
of the re?ected laser beam is optically detected to read 
information magnetiZed on the disk. In the aforementioned 
art, Which has been put into practical use already in 3.5 “ or 
5.5“ magnetooptical disk drive, a spot diameter D of the 
focused laser beam can be expressed as D—0.5W/N a, Where 
W is a Wavelength of the laser beam and NA is a numerical 
aperture of a lens. Therefore, reading a magnetic pit With a 
spot of a diameter D—0.62p is hardly possible optically, if the 
Wavelength of a semiconductor laser beam W—0.68/1 and the 
numerical aperture of a lens NA 0.55. 

JP Laid Open Patent No. H3-93058 discloses a super 
resolution reproducing method as a method for reading a 
magnetic pit d(>D) smaller than an optical spot diameter D, 
in Which a laser beam scans a disk rotated by a poWer higher 
than a general reproducing poWer and information of the 
magnetic pit smaller than the spot of the laser beam is read 
utiliZing a difference of a temperature distribution of a 
magnetic ?lm betWeen a central portion and an outer portion 
of the laser beam spot. And, JP Laid Open Patent No. 
H5-20697 discloses a method of optical super resolution, in 
Which a center portion of a focusing lens is shielded With an 
aperture for making the spot diameter D(—0.5W/NA), Which 
is decided according to a Wavelength W and numerical 
aperture NA, smaller. HoWever, this method can not be put 
into practical use due to reason such as signi?cant affect 
from side lobes formed in periphery of the focused spot in 
recording and reproducing and lack of laser poWer in 
recording due to the shielding of the center portion of the 
lens With an aperture. 

The problems in the conventional art Will be explained 
With reference to FIGS. 4a and 4b, taking a magnetooptic 
disk recording system With a laser pulse direction and 
magnetic ?eld modulation as an example. 

FIG. 4a illustrates a sample servo system. Alaser element 
1 is made to emit a pulsed laser beam (having a Waveform 
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2 
represented by reference number 2) under control of a laser 
driving device 9 in response to a clock signal 10 generated 
from phase pits in the disk. An objective lens 3 directs an 
optical spot 4 onto a magnetooptic recording medium 8. In 
the meantime, a data signal generating device 6 generates a 
modulation magnetic ?eld 7 using a magnetic head 5 dis 
posed close to the disk. If pulses of the optical spot 4 of the 
laser beam are directed onto a surface of the disk With a 
higher frequency of the clock signal 10, the laser beam 2 
pulsating synchroniZed as to the clock 10 and the modula 
tion magnetic ?eld 7 cause the successive optical spots 4 to 
overlap to cause over Write recording, thereby recording 
With magnetic pits 11 (FIG. 4B) of mark lengths smaller than 
the diameter D of the optical spot 4. 

This method is made knoWn by JP Laid Open Patent No. 
111-292603. For example, even though the diameter 
D=0.62p of When the Wavelength W“ 0.68” and the lens 
numerical aperture NA=0.55, the reduction of pulse inter 
vals makes recording of the shortest mark length D=0.1~0.2 
p possible. Currently, When a track pitch p=0.6p and the 
shortest mark length d—0.26, a capacity of information 
recordable on a disk of a diameter 120 mm is 7~10 GB (giga 
byte). HoWever, reproduction of the magnetic data thus 
recorded With the shortest mark length d—0.1~0.2p using the 
optical spot With a diameter D=0.62/i(—0.5W/NA) is very 
dif?cult. 

FIG. 3a illustrates a magnetic super resolution method for 
reading a magnetic pit of a siZe smaller than an optical spot 
4, made knoWn by JP Laid Open patent No. H3-93056. A 
magnetooptic ?lm 12 has 2—4 layers of magnetooptic ?lms 
having magnetic and thermal properties different from one 
another (recording layer 12-1, reproducing layer 12-2 and 
sWitching layer 12-3). When the optical spot 4 scans a track 
16 having a magnetic domain recorded Within the magne 
tooptic ?lm 12 as shoWn in FIG. 3b, photo energy is 
absorbed by the magnetic medium and converted into heat 
to form a temperature distribution Within the optical spot 4. 
As a result, in the high temperature region of the spot 4, the 
sWitching layer 12-3 is heated to a temperature in the 
vicinity of a Curie temperature (TCE140 deg. C.), a sWitched 
connection force betWeen the recording layer 12-1 and the 
reproducing layer 12-2 is Weakened, and a direction of 
magnetiZation of the reproducing layer 12-2 Which has a 
loWer coercive force becomes in agreement With the repro 
ducing magnetic ?eld 14. As a result, Within the optical spot 
4, only a magnetic pit 15 in a loW temperature region 13-2 
of the spot 4 is read because a magnetic pit 15-1 in the high 
temperature region 13-1 is masked by the reproducing layer 
12-2. HoWever, in this method, although a signal level from 
a 0.4” mark length can achieve a target level of 45 dB, if the 
mark length is less than 0.3”, the signal level becomes 30 dB 
only. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a mag 
netooptic data record reproducing device that substantially 
obviates one or more of the problems due to limitations and 
disadvantages of the related art. 
An object of the present invention is to provide a repro 

ducing device Which can reproduce a magnetic pit substan 
tially smaller than an optical spot. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs, and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realiZed and attained by the 
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structure particularly pointed out in the Written description 
and claims hereof as Well as the appended drawings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, the magnetooptic data record reproduc 
ing device includes means for directing a pulsed laser beam 
having a frequency higher than a highest frequency of a data 
to a disk, the disk having a magnetooptic recording medium 
on Which the data is recorded. 

The magnetooptic recording medium is formed of a 
magnetic super resolution ?lm. 

The magnetooptic data record reproducing device further 
includes a photoelectric conversion element for receiving 
the pulsed laser beam re?ected at the magnetooptic record 
ing medium upon incident thereto, and means for loW pass 
?ltering of an output to the photoelectric conversion ele 
ment. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. 

In the draWings: 
FIGS. 1a and 1b illustrate an optical system in combina 

tion With a signal processing block diagram shoWing a 
magnetic pit reproducing device in accordance With a pre 
ferred embodiment of the present invention; 

FIGS. 2a and 2b illustrate vieWs for explaining a repro 
ducing device in Which laser beam pulses used in the present 
invention are directed for reproducing a magnetic super 
resolution ?lm; 

FIGS. 3a and 3b illustrate vieWs for explaining a method 
for magnetic super resolution reproducing a recorded mag 
netic pit; and, 

FIGS. 4a and 4b explain a method in Which laser beam 
pulses are directed and data is magnetic modulated for 
recording the data. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. 

FIGS. 1a and 1b illustrate an optical system in combina 
tion With a signal processing block diagram shoWing a 
magnetooptical reproducing device in accordance With a 
preferred embodiment of the present invention. 

Referring to FIG. 1a, a laser element 1, for example, a 
semiconductor laser having a Wavelength 0.68”, is driven by 
a laser pulse driving device 18 to emit laser beam pulses at 
a frequency higher than the highest frequency of the mag 
netic data recorded in the recording method explained in 
association With FIG. 4. Pulses Which cause the laser 1 to 
emit laser element beam pulses as shoWn as Waveform 27 
may be generated either by the laser pulse driving device 18, 
or by a clock generating circuit 30 based on the information 
from a disk 8. These pulses 27 of laser beam 17 are focused 
onto a magnetooptic recording medium 8 by an objective 
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lens 3, re?ected to pass through the objective lens 3 again, 
and re?ected by a polariZed beam splitter 19a to be incident 
upon a polariZed beam splitter 19b, a P polariZed component 
of Which is transmitted through the polariZed beam splitter 
19b and an S polariZed component of Which is re?ected at 
the polariZed beam splitter 19b. The P and S polariZed 
components are focused onto photodiodes 22 and 23 by 
focusing lenses 20 and 21 and subjected to photoelectric 
conversion, respectively. Electric signals from the photo 
electric conversion are provided to a differential ampli?er 24 
to be ampli?ed and differentiated. An output 28 from this 
differential ampli?er 24 passes through a loW pass ?lter 25 
to remove unWanted pulse modulated signals mixed With the 
recorded data, thereby a desired reproduced signal 29 can be 
obtained. FIG. 1b illustrates a Waveforms generated in the 
reproducing process of the present invention. Since the 
output 28 from the differential ampli?er 24 has a signal of 
the pulses imposed on an original signal Which is intended 
to reproduce, the output can not be detected as the recorded 
signal. Therefore, the loW pass ?lter 25 is used for ?attening 
the mixed pulse modulated signal using a frequency higher 
than the highest frequency of the recorded signal, to obtain 
the desired reproduced signal 29. 

FIGS. 2a and 2b explain the functions of a magnetooptic 
recording medium 8 in the magnetooptic data record repro 
ducing device shoWn in FIG. 1a in accordance With one 
preferred embodiment of the present invention. 

Referring to FIGS. 2a and 2b, a magnetic ?lm on the 
magnetooptic recording medium 8 has 2~4 layers of mag 
netooptic ?lms having magnetooptic properties different 
from one another. Although FIG. 2a shoWs a bilayered ?lm 
composed of a vertical magnetic ?lm Which is a recording 
layer 26-1 formed of, for example DyFeCo, and an 
in-surface magnetic ?lm Which is a reproducing layer 26-2 
formed of, for example GdFeCo, the magnetic ?lm con 
struction is not limited to the illustrated con?guration; but 
may have any knoWn structure, such as the structure shoWn 
in FIG. 3a. If a Width of the laser pulse beam 27 is narroWed 
to, for example, 5~200 nsec (nanosecond) depending on the 
shortest mark frequency in reproduction, When the laser 
pulse beam 27 is focused onto the recording track 16 of the 
medium 8, a center portion of the optical spot is locally 
heated to a high temperature to clearly de?ne a temperature 
slope betWeen a high temperature region 13-1 and a loW 
temperature region 13-2 of the optical spot. As a result, 
Within the optical spot, since the high temperature region 
13-1 in the center portion becomes more narroWer and 
magnetic pits 15-1 and 15-2 in the loW temperature region 
13-2 are masked by the in-surface magnetic ?lm 26-2, a 
smaller magnetic pit 15 can be read. And, a positional 
deviation betWeen the high temperature region 13-1 and the 
laser spot becomes very little, improving the ef?ciency of 
irradiation to a recording magnetic domain that is intended 
to be reproduced and a CNR (Carrier Noise Ratio), substan 
tially. Further, the easy security of reproduction signal 
objective alloWs simpli?cation in processing of, such as 
PRML (Partial Response Maximum Likelihood). 
As has been explained, the incident pulse of the laser 

beam during reproduction in the present invention provides 
a sharp temperature distribution as shoWn in FIG. 2b com 
pared to the moderate temperature distribution in the case of 
a conventional incident current laser beam incident shoWn in 
FIG. 3. This difference enables the system to accurately 
reproduce data from a magnetic pit 15 that is signi?cantly 
smaller than the optical spot 4. 
By local heating of a magnetic pit intended to read With 

a pulsed laser beam having a frequency higher than the 
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highest frequency of the data recorded on a magnetooptic 
disk, the device of the present invention can affect the stable 
reproduction of data from a magnetic super resolution ?lm. 
Further, by reproducing a reproducing signal through a loW 
pass ?lter, the device of the present invention can perform a 
fast and stable reproduction of magnetic pits in the disk. 

It Will be apparent to the those skilled in the art that 
various modi?cations and variations can be made in the 
magnetooptic data record reproducing device of the present 
invention Without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention 
cover the modi?cations and variations of this invention 
provided they come Within the scope of the appended claims 
and their equivalents. 
What is claimed is: 
1. A data reproducing device for reproducing data 

recorded on a magneto-optic recording medium, the 
magneto-optic record medium having at least a recording 
layer and a reproducing layer, the device comprising: 

a beam directing unit for directing a pulsed laser beam 
having a frequency higher than a frequency of any data 
signal recorded on said recording layer to reproduce the 
recorded data; 

a processing unit for detecting ?rst and second polariZed 
components of the pulsed laser beam re?ected from the 
magneto-optic recording medium and corresponding to 
a direction of magnetiZation transferred from said 
recording layer to said reproducing layer, and output 
ting a RF signal based on this detection; and 

a loW pass ?lter for ?ltering the RF signal to generate a 
reproduction signal representing the data recorded on 
said recording layer. 

2. The device as claimed in claim 1, Wherein the process 
ing unit includes ?rst and second photodetectors for detect 
ing the ?rst and second polariZed components of the pulsed 
laser beam re?ected from the magneto-optic recording 
medium, respectively, and outputting ?rst and second detec 
tion signals based on the detected ?rst and second polariZed 
components, respectively. 

3. The device as claimed in claim 1, further comprising: 

a laser source for generating the pulsed laser beam 
toWards the magneto-optic recording medium; and 

a driving unit for driving the laser source to generate the 
pulsed laser beam having the frequency higher than the 
frequency of any data signal recorded on the magneto 
optic recording medium. 

4. The device as claimed in claim 1, Wherein the process 
ing unit includes: 

a ?rst beam splitter for directing the pulsed laser beam 
re?ected from the magneto-optic recording medium 
toWards a second beam splitter; 

the second beam splitter for separating the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam from each other and directing the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam into different directions; 

a ?rst photodiode for receiving the ?rst polariZed com 
ponent of the re?ected pulsed laser beam from the 
second beam splitter; and 

a second photodiode for receiving the second polariZed 
component of the re?ected pulsed laser beam from the 
second beam splitter. 

5. The device as claimed in claim 2, further comprising: 
a clock signal generating unit for generating a clock signal 

based on an output of the second photodetector of the 
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processing unit, the clock signal being used by a 
driving unit to generate the pulsed laser beam accord 
ing to the clock signal. 

6. A data reproducing device for reproducing data 
recorded on a magneto-optic recording medium, the 
magneto-optic recording medium having at least a recording 
layer and a reproducing layer, the device comprising: 

a beam directing unit for directing a pulsed laser beam 
having a frequency higher than a frequency of any data 
signal recorded on said recording layer to reproduce the 
recorded data; 

a processing unit for detecting ?rst and second polariZed 
components of the pulsed laser beam re?ected from the 
magneto-optic recording medium and corresponding to 
a direction of magnetiZation transferred from said 
recording layer to said reproducing layer, and output 
ting a RF signal based on this detection; and 

a loW pass ?lter for removing a high frequency pulse 
modulated signal included in the RF signal from the RF 
signal. 

7. The device as claimed in claim 6, Wherein the process 
ing unit includes ?rst and second photodetectors for detect 
ing the ?rst and second polariZed components of the pulsed 
laser beam re?ected from the magneto-optic recording 
medium, respectively, and outputting ?rst and second detec 
tion signals based on the detected ?rst and second polariZed 
components, respectively. 

8. The device as claimed in claim 6, further comprising: 
a laser source for generating the pulsed laser beam 

toWards the magneto-optic recording medium; and 
a driving unit for driving the laser source to generate the 

pulsed laser beam having the frequency higher than the 
frequency of any data signal recorded on the magneto 
optic recording medium. 

9. The device as claimed in claim 6, Wherein the process 
ing unit includes: 

a ?rst beam splitter for directing the pulsed laser beam 
re?ected from the magneto-optic recording medium 
toWards a second beam splitter; 

the second beam splitter for separating the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam from each other and directing the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam into different directions; 

a ?rst photodiode for receiving the ?rst polariZed com 
ponent of the re?ected pulsed laser beam from the 
second beam splitter; and 

a second photodiode for receiving the second polariZed 
component of the re?ected pulsed laser beam from the 
second beam splitter. 

10. The device as claimed in claim 7, further comprising: 
a clock signal generating unit for generating a clock signal 

based on an output of the second photodetector of the 
processing unit, the clock signal being used by a 
driving unit to generate the pulsed laser beam accord 
ing to the clock signal. 

11. A data reproducing method for reproducing data 
recorded on a magneto-optic recording medium, the 
magneto-optic record medium having at least a recording 
layer and a reproducing layer, the method comprising the 
steps of: 

directing a pulsed laser beam having a frequency higher 
than a frequency of any data signal recorded on said 
recording layer to reproduce the recorded data; 

detecting ?rst and second polariZed components of the 
pulsed laser beam re?ected from the magneto-optic 
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recording medium and corresponding to a direction of 
magnetization transferred from said recording layer to 
said reproducing layer, and outputting a RF signal 
based on this detection; and 

?ltering the RF signal to generate a reproduction signal 
representing data recorded on said recording layer. 

12. The method as claimed in claim 11, Wherein said 
detecting step detects the ?rst and second polariZed compo 
nents of the pulsed laser beam re?ected from the magneto 
optic recording medium, using ?rst and second 
photodetectors, respectively, and outputs ?rst and second 
detection signals based on the detected ?rst and second 
polariZed components, respectively. 

13. The method as claimed in claim 11, Wherein said 
directing step includes the steps of: 

generating, using a laser source, the pulsed laser beam 
toWards the magneto-optic recording medium; and 

driving the laser source to generate the pulsed laser beam 
having the frequency higher than the frequency of any 
data signal recorded on the magneto-optic recording 
medium. 

14. The method as claimed in claim 11, further compris 
ing: 

directing, using a ?rst beam splitter, the pulsed laser beam 
re?ected from the magneto-optic recording medium 
toWards a second beam splitter; 

separating, using the second beam splitter, the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam from each other and directing the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam into different directions; 

receiving, by a ?rst photodetector, the ?rst polarized 
component of the re?ected pulsed laser beam from the 
second beam splitter; and 

receiving, by a second photodiode, the second polariZed 
component of the re?ected pulsed laser beam from the 
second beam splitter. 

15. The method as claimed in claim 12, further compris 
ing the step of: 

generating a clock signal based on an output of the second 
photodetector, the clock signal being used by a driving 
unit to generate the pulsed laser beam according to the 
clock signal. 

16. A data reproducing method for reproducing data 
recorded on a magneto-optic recording medium, the 
magneto-optic recording medium having at least a recording 
layer and a reproducing layer, the method comprising the 
steps of: 
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8 
directing a pulsed laser beam having a frequency higher 

than a frequency of any data signal recorded on said 
recording layer to reproduce the recorded data; 

detecting ?rst and second polariZed components of the 
pulsed laser beam re?ected from the magneto-optic 
recording medium and corresponding to a direction of 
magnetiZation transferred from said recording layer to 
said reproducing layer, and outputting a RF signal 
based on this detection; and 

removing a high frequency pulse modulated signal 
included in the RF signal from the RF signal. 

17. The method as claimed in claim 16, Wherein said 
detecting step detects the ?rst and second polariZed compo 
nents of the pulsed laser beam re?ected from the magneto 
optic recording medium, using ?rst and second 
photodetectors, respectively, and outputs ?rst and second 
detection signals based on the detected ?rst and second 
polariZed components, respectively. 

18. The method as claimed in claim 16, Wherein said 
directing step includes the steps of: 

generating, using a laser source, the pulsed laser beam 
toWards the magneto-optic recording medium; and 

driving the laser source to generate the pulsed laser beam 
having the frequency higher than the frequency of any 
data signal recorded on the magneto-optic recording 
medium. 

19. The method as claimed in claim 16, further compris 
ing: 

directing, using a ?rst beam splitter, the pulsed laser beam 
re?ected from the magneto-optic recording medium 
toWards a second beam splitter; 

separating, using the second beam splitter, the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam from each other and directing the ?rst and 
second polariZed components of the re?ected pulsed 
laser beam into different directions; 

receiving, by a ?rst photodetector, the ?rst polariZed 
component of the re?ected pulsed laser beam from the 
second beam splitter; and 

receiving, by a second photodiode, the second polariZed 
component of the re?ected pulsed laser beam from the 
second beam splitter. 

20. The method as claimed in claim 17, further compris 
ing the step of: 

generating a clock signal based on an output of the second 
photodetector, the clock signal being used by a driving 
unit to generate the pulsed laser beam according to the 
clock signal. 


